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SUMMARY

A low—speed Investigatlon was made in the Langley stebllity tunnel
to determine the effect of sweepback on the statlc and rolling stabillty
derivatives of a serles of wings, each of whlch had a taper ratlo
of 0.6 and an aspect ratlo of I, The wings were of NACA 65A006 section
in planes paresllel to the axis of symmetry and had sweepback angles of
thelr quarter—chord line of 3.6°, 32.6°, and 46.7°. Most of the tests
were made wlth the wings in comblnstlon with a fuselage.

Resgults of the lnvestlgatlon Indicate that the maximm 1ift coef-—
ficient of the wing—fuselage combinatlons increased as the angle of
sweepback increased. The usual effect of sweepback iIn reduclng the
lift—curve slope was confined to the lift—coefficient range between .
about 0.2 and 0.2 but was less than expected, probably because the
usual effect of sweepback was masked by & veriable influence of the £
fuselage. As the sweepback was Increased, there was a rearward shift of
the aerodynamic center which was greater than indicated by the theory.
This shift 1s believed to be caused by a large destabilizing effect of
the fuselage on the 3. 60 sweptback wing, while testa showed practically
no effect for the 46.7° sweptback wing.

At low 1lift coefficients the derivative of rolling momsnt caused by
yaw varied linearly with 1ift coefficient, and the rate of variation was
increased with an increase of sweep angle In very much the same manner
that 1s predlcted by theory. Because the linear variatlons were
maintained over only very small ranges of 1ift coefficients for the more
highly swept wings, the maximum positive values of the derivativea of
rolling moment due to yaw for the 32.6° and h6.7° sweptback wings were
smaller than the vaelues of this derivative for the 3.6° sweptback wing
at 1ift coefflcients greater thean 0.6.

CONFTDENTIAL UNCLASSIFIED
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The derlvative of yawing moment caused by rolling was either zero
or positive through most of the lift-coefficient range for each of the
wings tested. At zero 1lift coefflicient there was a decrease of the
damping in roll with an increase of sweepback, The values of damping in
roll obtained in the rolling-flow test section of the Langley stabllity
tunnel show good agreement with those obtalned by free rotation of the
models 1n the Langley T— by 1l0—foot tunnel and with the values
calculated by Welssinger's theory.

An increase in sweepback caused large reductions in the rolling-—
moment coefflcient and 1n the wing—tip helix angle resulting from a unit
anguler deflection of the allerons sbout thelr hinge axls.

INTRODUCTION

The influence of a number of different geametric perameters on the
rolling stabllity derivatives of wings have been investigated in the
Langley stability tumnel by means of the rolling—flow technique. (See
reference 1.) The investigations have included the effecte of aspect
ratio and eweep (reference 2), taper ratio (reference 3), dihedral
(reference 4), and airfoll section {reference 5). All of ths investi-—
gations were performed at low Mach numbers and wlth moderately thick
wings. In order to cobtain an indication of the rolling characterlstics
of sweptback wings at higher subsomic speeds, a series of thin wings
(NACA 65A006 airfoil section) were tested in the Langley high-speed
T— by 10-foot wind tunnel at Mach numbers from about 0.4 to about 0.9.
(See reference 6.) Results were obtained over an angle—of-attack range
from 0.3° to 6.5° for the dampingin-—roll derivative czp and for the

alleron effectiveness.

The results of the Investigatlon reported herein were obtalined in
the rolling—flow test sectlon of the Langley stabllity tunnel, and the
models were those used for the investigation reported in reference 6.

The purpose of the present tests was to obtaln more camplete information,
et least at low apeeds, on the static and rolling characteristics of

the winga and also to obtain a correlation between techniques of the
Langley stability tunmel (rolling flow) and the Langley 7- by 1l0—foot
tunnel (free rotation) for determining the damping in roll.

The wings tested were sweptback 3.6°, 32.6°, and 46.7° and had an
aspect ratio of 4 and taper ratio of 0.6.
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SYMBOLS

The data are presented in the form of standsrd NACA coefflicients

of forces and moments which are referred in all cases to the stability
axes, with the origin at the quarter—chord polnt of the mean asrodynamic
chord of the models tested. The posltive dlrections of the forces,
moments, and angular displacements are ghown in flgure 1. The coef-
ficients ani symbols used herein are defined as follows:

CL
Cp

C'_DO

117t coefficient (L/qS)

drag coefficient (-X/qS)

drag coefficient at zero 1lift
la.terai—fforce coefficlent (Y/qS)
rolling-moment coefficlent (L'/qSb)

pltching—moment coefficient (M/qST)
yawing~moment coefficient (N/qSb)

1ift

longlitudinal force

lateral force

rolling mament about X-axis
pitching moment about Y-exis

yawilng moment asbout Z—axls

dynamic pregsure (-]Epve)

masgs density of alr
free—stream velocity

Reynolds numbsr
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S wing ares
b span of wing, measured perpendiculsr to plane of symmetry
c chord of wing, measured parallel to plans of symmetry

o]

b/2
mean ssrodynamic chord g—kﬁ ced.y

¥y distance measured perpendiculer to the plane of symmetry

ao glope of section 1ift curve per radian

A agpect ratio (b2/8)

a angle of attack measured in plane of symmetry, Jdegrees

5] alleron deflection measured in plane normal to alleron hinge
exlis, degrees

¥ angle of yaw, degrees

A angle of sweepback of quarter—chord line, degrees

zb wilng~tip hellix angle, radlans
v

y ol rolling veloclty, radians per second

(E—-) ra.te of change of wing—tlip helix a.ngle por degree of total
o) alleron deflection

Cz rate of changs of rolling-mament coefflcient per degree of total
8 aileron deflection
c aCL
To 3o
oCy
1* = et
o¥.



NACA RM LoF1ih L 5

oC
C, =—=
oy v
Cy
ry oy
C
0y, = 12
S[E2
&)
a.'l]l
C =
T @)
Xy
C. =
p NE
ov

APPARATUS AND TESTS

The tests were made in the 6-foot-diemeter rolling-flow test
sectlon of the Lengley stabillty tunnel. Thils section 1s equlpped with
a motor—driven rotor whlch imparts a twist to the alr stream so that =a
model mounted rigidly in the tummel is in a £ield of flow similar to
that which exlsts about an eirplane in rolling flight (reference 1).

The models tested consisted of three wings of NACA 65A006 sectlon
In planes parallel to the axis of symmstry. The wings were of aspect
ratio 4, taper ratio 0.6 & and had sweepback angles of their quarter—
chord line of 3.6°, 32.6°, and 46.7°. (See fig. 2.) The wings were
equipped with ailerons, each wlth a span of 4O percent of the wing
‘gemispan and & chord equal to 20 percent of the wilng chord. Most of
the tests were made with the wings in combinstion with a fusslage., Ths
guarter—chord point of the mean serodynamlc chord of each of the wings
was located at the 43—percent point of the fuselage. The principal
dimensions of the fuselage are glven in fTigure 3.

The tests were made with the models mounted on a single-strut
support (see fig. 4) at the quarter—chord polnts of their mean

-,
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aerodynamic chords. The forces and moments were measured by means of
the six—component balance system of the Langley stability tunnel.

Most of the tests were made at a dynamic pressure of 25.1 pounds
per square foot which corresponds to a Mach number of 0.13 and a
Reynolds mumber of about 720,000.

The models were tested through an angle—of—ettack range from about
—40 angle of attack up to and beyond the angle of maximm 1ift at 0°
and #+5° angles of yaw in streight flow and at 0° angle of yaw in
rolling flow. For the stralght—Plow tests at 0° angle of yaw, lift,
drag, and pitching-moment coefficlents are presented. Data obtained in
straight flow at +5° angle of yaw and in rolling flow at values
of pb/2V of +0.0248 and £0.0745 were used to obtain derivatives of
lateral force, yawlng moment, and rolling moments with respect to yaw
angle and wing—tip helix angle. In stralght—flow tests at zero yaw,
rolling moments were obtained over the angle—of-gttack range for
aileron deflections of +4° and +8°, measured in a plane parallel to the
plane of symmetry. The corresponding alleron deflectlons messured in a
plane normal to the hinge axils are presented in the following table:

Allsron deflections
Sweepback A perallel to plane Ailero: dzflecti:ns normal

(aeg) of symmetry ° (gge) ne
(deg) 8
3.6 b L ,.C1
3.6 8 +8.02
32.6 th 4,45
32.6 8 +8,89
W6.7 xh 5,44
k6.7 18 +10,83

Some tests of the 46.7° sweptback wing were made without the fuselage.
For these tests, the center section of the wing was altered as 1s shown
in figure 5., In straight flow the 1lift and pitching moment of the wing
alone were meagured with and without transition strips on the leading
edge of the wing at various values of dynamic pressure. The values of
Mach number and Reynolds number which correspond to the test dynamic
rressures are as follows:
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a M R
b 0.051 280,000
8 073 395,000
16 .10k 558,000
25 131 718,000
40 .166 880,000
65 211 1,116,000
CORRECTIONS

Approximate Jet—boundary corrections (eimilsr to those of refer—
ence 7) based on umswept—wing theory have been applied to the angle of
attack, the drag coefflicient, and the rolling-moment coefficlent.
Corrections for blocking or support-strut tares have not been appliled
to the results.

RESULTS AND DISCUSSION

Stralght—Flow Characterlstics

The 1ift, drag, and pltching-moment characteristices of the three
wings, each tested in comblnetlion with the fuselage, are presented In
figure 6. The pitching-moment results at low 1lift coefficlents
indicate that the serodynamic center moved rearward, from 17.6 percent
to 27.0 percent of the mean aerodynsmic chord, as the angle of sweep—
back was increased from 3.6° to 46.7°. The theoretical results glven
in reference 8 predict slmost no change in the aerodynamic—center
location of plain wings over thils range of sweep angles for the
particular aspect ratio and teper ratio of the wings Investlgated. The
differences between theory and experiment probably resulted from the
fact that a fuselage was used in the tests.

Because each of the wings was constructed in two semispan segments
with mounting blocks at the inboard ends for attachment to & fuselege,
trues wilng-elons cheracteristics could not be obtailned. An attempt to
slmilate, as nearly as possible, the wing-alone condltlon was made,
however, for the 46.7° sweptback wing. The wlng segments were
supported by cover plates and the entire root region was falred with
balsa wood and clay. (See fig. 5.) Lift and pltching-moment results
obtained with this model (wing alone) and with the sars wing in
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comblnation with the fuselege are compared In figure 7. Ths fuselage
appeared to have very llttle effect on the general sghapes of the 1lift
and pitching-moment curves or on the serodynamic—center location
determined from the slope of the pitching-moment curve at zero 1ift.
For either the wing alone or the wing—fuselage camblnation, the aero-
dynamic center wes only about 1 percent of the mean asrodynemic chord
behind the locatlon (27 percent of the mean asrodynamic chord) given by
the theory of reference 8. Apparently, for the 46. 7° sweptback wing the
forward location of the wing—fuselage Juncture resulted in elimination
5f the usual unstable pltching-moment contribution of the fuselage.
for the wings with smaller sweep angles, the location of the wing—
uselage Juncture weas farther rearwaerd and, In these cases, the
rontribution of the fuselage to the pltching-moment charascteristics
.- teeme to0 have been a destebllizing effect, as is normally expected.
luch an effect (an increase of the unstable pltching-moment contribution
f the fuselage with a rearward shift of the wing-fuselage Juncture)
as found in testa of midwing confligurations with straight wings
eported in reference 9. The results of reference G for a midwing
onfiguration show that as the locatlon of the quarter—chord line of
he wing with respect to the fuselage varled from 9 to 44 percent of
he fuselage length, the aerodynamic—center location of the configu—
ation varied from O to about 6 percent forward of the location for
ing alone. For the 3.6° sweptback wing with fuselage, the
erodynamic—center location (17.6 percent of the mean merodynamic
‘hord) was T.4 percent forward of the location predicted by the theory
¥ reference 8 for the wing alone.

The results presented in figure 7 show that removal of the fuselage
aused a reduction in lift—curve slope (from 0.062 to 0.054) near zero .
1ft; but even with the fuselage removed, the lift—curve slope was
lightly higher than the theoretical value (0.052) given in reference 8.
he small dlsplacements of the 1ift and pitching-moment curves for the
Nain wing, relative to the curves for the wing—fuselage combination,
robably resulted from same camber introduced by the falring of the
senter section of the wing.

The 1ift data presented in figure 6 indicate an increase in
maximm 1ift coefficient from 0.80 to 1,02 as the sweepback is
increaged from 3.6° to 46.7°. This result is in agreement with the
findings of another low—scale investigation (reference 10) and has been

confirmed for Reynolds numbers as high as 12 X 106 in a recent
investigation (unpublished) of wings having geometric properties almost
identical to those used for the present investigation.

At 11ft coefficlents below C. 8 the 1i1ft curves for the three

wings are very nesrly the same. Although the theories of references 8
and 11 do predict a reduction in lift-curve slope of plain wings with
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increased swoep angle, such a reduction, if it occurs, would bs
expected to be confined to a very smsll range of 1lift coefficients
(from about 0.2 to 0.2) for the present models, because above a 1lift
coefficient of 0.2 (somewhere betwsen 0.2 and 0.3) partial separation
appears to take place. The separaetlion is Indicated from the comparlson
of the sxperlmental drag cirves with the curve obtained by addlng the
drag at zeroc 1l1fL to the theoretlical Induced drag for elliptic wings

of aspect ratlo 4. (See fig. 6.) For each of the wings the experi-—
mental drag curve began to depart from the theoretical relation at =a
1ift coefflclent somewhere between 0.2 and 0.3. Partial flow separatlon
above this 1ift coefficlent therefore would be expected, which would
Invalidate the asssumptlons of the theory used to calculete the 1lift—
curve slope. According to previous experience (see Ffig. 4 of refer—
ence 2, for example), the onset of flow separation, as indicated by an

C 2 - ,-J"\%*
L
increase in the quantlty |Cp — re ,(genera.].'l.y] ls accompenied by an

b1

o .
Increase in lift—curve slope for sweptback wings and & decrease in ﬁ;ﬁ _,h
lift—curve slope for mmswept wings. At the higher 1ift coefficlents, \ﬁ{ '3'-""
therefore, sweptback wings may have lift—curve slopes as high or even [ & Ao
higher than those of unswept wlngs of the same aspect ratio. 4.»
} ad

The results in figure 6 do not show an effect of sweep on lift—
curve slope as large as was expected (on basls of references 8 and 11)
for these models, even at the low 1ift coefficients. This difference
may have resulted in part from the use of the fuselage. As has already
been polnted out, removal of the fuselage caused a reductlon ln 1ift—
curve slope from 0.062 to 0.054 for the 46.7° sweptback wing. Tests
with straight wings (reference 9 and comparison of references 12 and 13)
and tests of a 42° sweptback wing (reference 1u4) have indicated that
the effect on the lift—curve slope of the eddlition of a Ffusselage of
clrcular croses sectlon depends, at least partly, on the wing geomstry
end on the longitudinsl position of the wing—fuselage Juncture. It is
probable, therefore, that the usual effect of sweepback on the 1ift— .
curve slope was partially masked by & varisble influence of the
fuselage.

In ordsr to determine how critically the wlng characteristics
were affected by changes 1n Reynolds number, In the rangs for which
moat of the tests had to be run, tests were made at various Reynolds
numbers with and without transitlion strlips on the leading edge of the
wings. Flots to show the effect of transition strips and Reynolds
numbers on the lift—curve slope and pltching-moment slope of the
46.7° sweptback wing tested alone are presented as figures 8 and 9,
respectively. A sumnary of these results 1s presented in figure 10,
which shows the varliation of lift—curve slope and the verietion of the
locatlon of the serodynemic center wilth Reynolds pnumber. Also
presented in flgure 10 1s the theoretlcal value for lift—curve slope

R,

e Y L
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and the value for the location of the aerodynamic center as presented
in reference 8. The effect of incressing Reynolds number was to
decrease the lift—curve slope and t¢ cause a forward shift of the
aerodynamic center. The effect on the lift—curve slope and on the
aerodynamlic—center location of increasing the Reynolds number

from 280,000 to 1,116,000 was epproximately equivalent to fixing the
transition at the noge of the airfoll. The fact that the charac—
teristice of the wing were almost the same wlth transition strips,
either on or off, at a Reynolds number of 1,116,000, ig an indication
that further increases In Reynolds number would not be particularly
important, at least for the rresent test condition of surface
smoothness and alr-stream turbulence. Under conditlons of extremely
low turbulence and with highly polished wing surfesces, the results
obtained with trensltion strips off probably would not approach those
with strips on until a Reynolds nurber considsrably higher

then 1,116,000 had been attained. (See reference 15.)

The effect of sweepback on the static lateral stabllity charac—
teristice 1s shown in flgure 1l. At low 1ift coefficients the rate of
change of C'Lq, with 11t coefficlent decreases as the sweep 1s

decreased. For the 32.6° and 46.7° sweptback wings the values of CZ*

increase linearly for only a smsll range of lift coefficients after
which there is an abrupt chenge in the initial trends, probably as a
result of early partial stalling, mentioned previously. The 32.6°
and 46.7° sweptback wings attaln relatively small positive values

of CZ\V (less than the values obtained for the mmswept wing at 1ift

coefficients greater than 0.6). There 1s little effect of sweepback
on the values of Cn* and GY¢. The fuselage causes large posltive

contributions to both cnw and ch[-" This contribution is shown in

figure 12, which comperes the valuss obtained for the 46.7° sweptback—
wing and fuselage combination with those for the falred wing alone.
Removing the fuselage causes, for the 46.7° sweptback wing, a small
change In the veriatlion of CZ* with 1lift coefficlent for low coef-—

ficlients but has no effect on the maximm posgitive value of Cz v
attalned with the combination.

Rolling—flow Characteristics
The veriations of the rolling derivatives Cy , Cnp’ and C'L with
Y

P
1ift coefficlent are presented In figure 13. As was explained 1n the
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section entitled "Apperatus and Tests," measwrements of forces and
moments were obtained at four values of ©Tb/2V. The derivetives were
obtained from the average siopes of the data when plotted

against pb/2V., In general, the slopes of the curves were well defined
and the scatter of tests points was of the order of that obtalned in
other investigatlons whlch have utilized the rolling-flow technique.
(See reference T, for example.)

At low 11ft coefficlents the results presented in fligure 13 for
the derivatives of latera]l force caused by rolling CYP are in

qualitative agreement with the approximste theory of reference 1l in

that thls derivatlve varled linearly with lift cocefficlient and the rate

of variation increased with an increase in sweep engle. In general,

cY mgintained 1ts inltial linesr varlation over ebout the same rangs
P . '

of 1ift coefficients as the derivative 07_*.

The derlvetive of yawlng moment caused by roliling ('}n:p was found

to be elther zero or positlve from a 1ift ceefficlent of -0.2 Lo
aprroximately the maximm positive 1lift coefficient for each of the
wings tested. The approximate theory of referemce 11, which 1s based
on potentlal—flow conslderations, indicates an initlal negetive slope
of Cnp with Cg; however, thils inltial trend would be expected to be

maintained only over the range of 1ift coefflicients for which the total
drag is approximetely egqual to the dreg at zero 1lift plus the induced
drag. (See reference 2.) As is indicated by the drag data of

figure 6, this condition is satisfied only up to lift coefficients of
about 0.2 or 0.3. At such low 11ft coefficients the magnitudes of the
theoretical values of the yewing moment due to rolling probably are
within the experimental accuracy of the measurements and, therefore, no
Initisal negative slope could be detected.

The experlimental results for the derivative CD_P are compared

in Pigure 14 with results calculated by a method (presented in refer—
ence 2) which includes comsideration of the drag measured under
gstralght—fiow conditions. In general, falr agreement 1s obtained,
although tlhe predicted valussg of Cnp at high 11ft coefficlents are

too highly positive for the 3.6° and 32.6° sweptback wings. In refer—
ence 2, through snalysis of experimental data, the lncrement of C‘n_p

due to profile drag was found to be proportional to the slope of the
curve of profile drag plotted agalnst angle of attack, and the constant
of proportionality was found to vary with aspect ratio but to be
osgentially independent of the sweep angle. The comparison presented

. ~

s =
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in figure 14 indicates that the constant of proportiocnality probably
should be somewhat lower than that glven in reference 2 for wings
having eweep angles less than sbout 45°.

At low 1lift coefficlents the negative velue of Czp (fig. 13) of

the wing—fuselags combinatlion decreases as the sweep 1s Increased. At
some 11f% coefflclient which decreases with an incresse in sweep, there
is a gudden Increase in CZP. The magnitude of the increass 1s

greoatest for the wing with the largest sweep. At the higher 1lift coef-—
ficlents the damping decreases for all three wings.

A comparison of values of Czp obtelned by the rolling—flow

technique of the Langley stability tumnel with those obtained from the
free—-rotatlon tests of the models in the Lengiey T~ by 1lO0-~foot tunnel
(refersnce 6) is presented in figure 15. In gemeral, the variation
of CIP with 11ft coefficient 1s similar, and the velues of Cz

D

are In good agreement. The Langley 7— by 10-—foot tunnel results are
slightly higher, but this difference can be attributed almost entirely
to the difference in Mach number of the tests, as 1s Indicated in

figure 16, which compares experimental results obtained by the two
techniques with theoretical results (from reference 16) corresponding
to the two t~~t Mach pumbers. The difference between the two
theoretlical curves is almost exactly equal to the difference between
the two experimental curves., Both experimental techniques yield

values that are consistently larger than the theoretical values,
although the experimental variation of clp with sweep angle 1s in good

agreement with theory.

The 46.7° sweptback wing was also tested in rolling flow with the
fuselage removed. The effect on Cy , C, , and C; of removing the
P P

fuselage was small. (See fig. 17.) The values of C,;  obtained with
P

the wing alone were alightly larger than those obtelned for the
combination, although the slope of the lift curve for wing alone was
lower than that obtalned with the combination. A similar result was
obtained in the tests reported in reference 17 which glves aus a
possible explanation the fact that the loading on the fuselage during
roll would act normel to the surface of the circular cross—sectlon
fuselage and would combribute little to the damplng in roll.
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Aileron Characterlstics

The effects of sweepback on the aileron rolling-moment-
effectiveness parameter 07'8 and on the rolling-effectiveness peram—

eter. (ph/a‘vi’)8 are shown in figure 18, The values of Cza were

determined in straight flow and the velues of (pb/2V)y were
determined from the relation

() - 18
2v. C
& ZP

-Wwhere CZP is obtalned from figure 13 and represents the damping of

the wing with aillerons neutral. The values of (pb/2v)5 Presented in

figure 18, therefore, neglect any possible effect of alleron deflection
on the damping in roll or of rolling on alleron effectlveness. Previous
experience has indicated, however, that such effects are negligible,
except for very large alleron deflectlons or for angles of attack near
the maximm 11ft coefficient.

Results obtained for the parameters 015 and (pb/2V)g depend,

of course, on the partlculer convention used 1n defining the alleron
deflection &. 1In the pregent peper, & 1s measured in a plane
perpendicular to the slleron hinge axls and, therefore, a given value
of B represents a constent angular rotation of the alleron about 1ts
hinge axis regardless of the sweep angle of the wing. With this
convention, an increase 1in sweep angle is found to produce large
reductions in both Czs and (pb/2V)s. (See fig. 18.) According to

an alternate convention, the deflection & 1s messured in the plane of
symetry and, therefore, a constant value of & corresponds to an
incressing angular rotatlon of the alleron about the hings line as the
wing sweep angle 1s Increased. When the latter convention is used,

the effect of sweepback on the marameters 07"5 and (pb/2v)5 is

found to be considerably smaller than ttat indicated in figure 18.

A comparison of Pigures 18 and 13 shows that for the three wings
irvestigated the variation of 015 with 1ift coefficlent 1is small
relative to the varlation of C;, wilth 1ift coefficlent. The
resulting variation of the rolling—eflectiveness paremeter (pb/2V )5,

I
|
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therefore, 1ls determined primarily by Cz . All of the wings show

reductions in rolling effectlveness as the 1ift coefficient is
increased up to about 0.5. In the case of the 46.7° sweptback wing,
this reduction amovnts to about L0 percent of the value at zero lift.
At higher 1ift coefficients (pb/2V)y increases for all of the wings

because Czp decreases more reapldly than Cza. The values of (pb/éV)a

presented in figure 18, however, (as previously mentioned) neglect any
posslible effect of alleron deflection on the damping In roll or of
rolling on alleron effectiveness.

CONCLUSIONS

An Investigation made in the lLangley stablility tunnel of a series
of thin sweptback wings of aspect ratio 4, each tested in combinstion
with & fuselage, 1ndicates the followlng conclusions:

1. The maximum lift coefficlent of the wing—fuselage combilnations
increaged as the angle of aweepback increased. At 1ift coefficlents
below 0.8, the 1lift curves were very nearly the same for all three
models. The usual effect of swespback 1In reducing the lift-curve
slope appeared to be confined to the lift-coefficlent range between
about —0.2 and 0.2 but was legs than was expected, probably because the
usual effect of sweepback was masked by a varlable influence of the

Fuselage.

2. The aerodynamic center at low 1ift coefficlents moved rearward
from 17.6 percent to 27.0 percent of the mean aerodynsmic chord as the
gweep angle wag 1lncressed from 3.6% to 46,7°. This rearward shift was
conslderably larger than that indicated by theory for plain wings and
appears to have been caused by e variable combributlon of the fuselage.
For the 46.7° sweptback wing, tests showed that the fuselage had almost
no effect on the aerodynamic center; but for the 3.6° sweptback wing,
the fuselage 1s belleved to have a destabllizing effect, aes 1s usually
expected.

3. At low 1lift coefficlents the derivetive of rolling moment due
to yaw varied linearly wlth 1ift coefficlent, and the rate of
variation increased with an Increase in sweep angle In very much the
marmer that is predicted by theory. The linear variations were
maintained over only very small ranges of lift coefficlent for the more
highly swept wings; however as a result, the maximm positive values of
the derlvative of rolling moment due to yaw for the 32. 6° and
46.7° sweptback wings were smaller than the values of this derivative
for the 3.6° sweptback wing at 1ift coefficlents greater than 0.6.
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4, The derivative of yawing moment due to rolling was eilther zero
or positive through most of the lift—coefflclent range for each of the
wings tested.

5. At .zero 11ft coefficlent there 13 a decrease in damping in roll
wilth an increase of sweepback. The values obtained in the Langley
stabllity tumnel by the rolling—flow technlque show good agreement
throughout the sweep range with those obtalned by free rotation of the
models 1n the langley 7— by 10—foot tunnel a.nd. with those calculated by
Welssinger's théory.

6. An increase in sweepback caused large reductions in the rolling
moment and in the wing-tip helix angle resulting from & unit angular
deflectlion of the ailerons about their hinge axes. For the 46.7° swept—
back wing, the rate of varlation of wing—tip hellx angle with ailleron
deflection decreased by about 40 percent as the 11ft coefficilent
Increased fram O to 0.5 but then increased slightly with a further
increase in 11ft coefficlent.

Langley Aeronautlicel Ieboratory
National Advisory Committee for Aeromautics
Lengley Air Force Base, Va.
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Aspect ratio . . . . . . kO Chord, percent ¢ . . . . . . 20

Airfoill section . . NACA 654006 . Span, percent b/2 . . . . . kO

Span, ft . ¢« ¢« ¢ &« « ¢ « - 3.0 ° Inboard sta.lon,

Mean aerodynamic percent b/2 . . . . . . . 55
chord, ft . « « « « . 0.765 Outboard station,

Taper ratio . « « v « « « 0.60 percemt /2 . . . . . . . 95

Root chord, ft . . . . . 0.938

Tip chord, ft « « « « « « 0.563

Figure 2.— Sketch and dimensions of wings tested.
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Figure 3.— Sketch of the fuselage and 32.6° sweptback wing giving the
principal dimensions of the fuselage.
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Figure 14.— Comparison of the variation with 11ft coefficient of the
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the method of reference 2.
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Figure 15.- Comperison of the values of C'Lp ocbtained by free rotation
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